To evaluate the safety and efficacy of topical TOP1630, a novel nonsystemic kinase inhibitor, in dry eye disease (DED). Patients and methods: A randomized, double-masked, parallel-group trial of 0.1% TOP1630 ophthalmic solution TID or placebo (vehicle without active drug) was conducted in DED subjects (n=61). Key eligibility criteria consistent with enrolling a moderate to severe DED population included .6 months DED history; OSDI © score $18; Schirmer's test score #10
Introduction
Dry eye disease (DED) is a chronic, multifactorial inflammatory disorder of the lacrimal functional unit characterized by ocular discomfort, pain, and visual disturbances.
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Taylor et al (indicated in patients whose tear production is presumed to be suppressed due to ocular inflammation associated with keratoconjunctivitis sicca). [7] [8] [9] Corticosteroids are commonly prescribed off-label and are effective on both signs and symptoms of DED, but are restricted to short-term use as a consequence of serious ocular adverse events (AEs). 10 Lifitegrast (Xiidra ® ) has recently been approved, and clinical studies have shown that after 12 weeks of treatment, there can be an improvement in selected signs and symptoms of DED, albeit with some commonly occurring drug tolerance issues. 11, 12 Consequently, a substantial unmet medical need still exists for a fast-acting, effective, safe, and well-tolerated immunomodulatory therapy to address both the signs and the symptoms of DED. 13 Inflammation has an important role in DED pathophysiology. 6 Nonsystemic kinase inhibitors (NSKIs) represent a novel class of pharmacological agents that selectively target key kinases fundamental to inflammatory cell signaling in innate and adaptive immune responses. 14 In DED, the NSKI targets p38α, Src family kinases (Src and Lck), and Syk are upregulated at the gene level in patients compared with healthy volunteers.
14 NSKIs have broad, potent antiinflammatory effects in vitro and in vivo, exhibiting potent inhibition of cytokine release in cellular assays mimicking both innate and adaptive immune systems, as well as in vivo models. 15 These potent anti-inflammatory agents are small molecules designed for topical administration and demonstrate an exemplary safety profile in preclinical and clinical studies with very low systemic exposure. 15 Recent investigations have highlighted the potential of NSKIs in alleviating inflammatory conditions such as ulcerative colitis (UC), COPD, and rheumatoid arthritis. [15] [16] [17] [18] In this study, we investigated the safety and efficacy of the topical ocular NSKI TOP1630 in DED.
Patients and methods
The study was conducted in accordance with the tenets of the Declaration of Helsinki and the provisions of the International Conference on Harmonization Harmonized Guideline on Good Clinical Practice E6. All subjects provided written informed consent after explanation of the nature and possible consequences of the study. 
TOP1630 investigational medicinal product
TOP1630 was manufactured by Onyx Scientific Limited (Sunderland, United Kingdom) in compliance with current good manufacturing practices using a published route and was formulated as a 0.1% (1 mg/mL) ophthalmic solution. 19 Matched placebo comprised vehicle solution (sterile water containing potassium phosphate, mannitol, polyoxyl 40 stearate, and pH modifiers) with no TOP1630. TOP1630 and placebo were prepared as preservative-free, sterile, clear, colorless solutions presented in single-use 1 mL "natural" low-density polyethylene eye dropper bottles.
The investigational medicinal product was manufactured by Bio-Concept Laboratories, Inc. (Salem, NH, USA). Labeling, final packaging, and release of the clinical trial material were performed by Ora, Inc. (Andover, MA, USA).
Study design and conduct
This study was a single-center, randomized, double-masked, placebo-controlled trial to evaluate the safety and efficacy of topical TOP1630 0.1% ophthalmic solution in patients with DED. This investigational dose was well tolerated in a small pilot investigation assessing drop comfort, conducted under the same protocol with eight DED subjects sequentially receiving TOP1630 0.01% TID to 0.1% TID or placebo in a randomized double-masked schema (single day ascending dosing with a further period of 4 days' dosing at the highest dose 0.1% TID, with interim rest days between dose steps).
Subjects who met eligibility criteria (see below for main inclusion and exclusion criteria) were randomized in a 1:1 ratio to receive treatment with either TOP1630 or matched placebo following a 7-day run-in period with placebo TID in both eyes (OU). The run-in period was followed by a 28-day treatment period with randomized treatment TID OU. No supplemental artificial tears or rescue medication were allowed during the study period. There was a total of four scheduled study visits: two during screening (visit 1 at day -7 and visit 2 at day 1) and two during treatment (visit 3 at day 15 and visit 4 at day 29 on completion of which subjects exited the study). Dry eye signs and symptoms and safety measures were assessed at each clinic visit (see Table 1 for assessment schedule). The study was conducted at Andover Eye Associates, Andover, MA, USA. ) exposure; and in at least one eye (the same eye) before CAE exposure Schirmer's test score of #10 and $1 mm, a conjunctival redness score of $1 (Ora Calibra scale), a tear film breakup time (TFBUT) .1 and ,7 seconds, a corneal fluorescein staining score of $2 (Ora Calibra scale) in at least one region (eg, inferior, superior, or central), and a total lissamine green score of $2 (Ora Calibra scale) based on the sum of the temporal and nasal regions of the conjunctiva. Subjects had to show an exacerbation of corneal staining and ocular discomfort in the CAE at both visits 1 and 2.
Main exclusion criteria were as follows: Any clinically significant ocular conditions including active blepharitis, meibomian gland dysfunction, lid margin inflammation, active ocular allergies; contact lens use within 14 days of visit 1 or anticipated use during the study; previous laser-assisted in situ keratomileusis surgery within the last 12 months or any other ocular surgeries within the last 6 months; ocular cyclosporine or lifitegrast use within 90 days 
Treatment protocol
Subjects meeting all eligibility criteria at visits 1 and 2 were randomized (following 7-day run-in period on placebo) to receive treatment with TOP1630 or placebo. Subjects were instructed to dose by instilling one drop in each eye TID in approximately 6-hour intervals (morning, afternoon, and evening before bed). Subjects were instructed to not use study drug on the day of visits 2, 3, and 4, prior to the visit.
The sponsor, investigator, study staff, and subject were masked to the subject's treatment arm during the randomization process and throughout the study.
Outcome measures
The primary objective of the study was to compare the safety and tolerability of TOP1630 ophthalmic solution with placebo in subjects with DED.
The secondary objectives were to compare the efficacy of TOP1630 ophthalmic solution with placebo for the treatment of the signs and symptoms of DED.
A summary of scheduled assessments and study visits is shown in Table 1 .
Efficacy measures
Efficacy assessments included environmental and CAE change in DED symptoms and ocular surface staining. 20 
Dry eye symptoms
Ocular Discomfort Scale At each visit, ocular discomfort scores were subjectively graded by subjects rating each eye separately according to a 5-point (0-4) Ocular Discomfort Scale (Ora Calibra), where 0= none and 4= severe.
Ocular Discomfort and 4-Symptom Questionnaire
Each day, subjects graded the severity of their DED symptoms in their diary in the morning, afternoon, and evening before instilling the study drug.
Subjects rated the severity of each of the following symptoms, with regard to how both their eyes felt: overall ocular discomfort, burning, dryness, grittiness, and stinging according to a 6-point (0-5) scale (Ora Calibra Ocular Discomfort and 4-Symptom Questionnaire), where 0= none and 5= worst.
Symptom VaS
At each visit, subjects were asked questions regarding ocular discomfort (unrelated to study drug instillation) over the previous week. The VAS comprised a 7-item 100-point scale: 0= no discomfort, 100= maximal discomfort for assessment of burning/stinging, itching, foreign body sensation, blurred vision, eye dryness, photophobia, and pain.
Ocular Surface and Disease index (OSDi) Questionnaire Subjects were asked to recall symptom-related parameters experienced in the previous week. 21 Dry eye signs lissamine green staining Staining was graded in defined regions of the ocular surface with the Ora Calibra Corneal and Conjunctival Staining Scale (5-point scale, 0= none to 4= confluent).
Staining was also graded in the conjunctiva using the National Eye Institute (NEI)/Industry Workshop scale (4-point scale, 0= no staining present to 3= severe staining).
Fluorescein staining
Staining was graded with the Ora Calibra Corneal and Conjunctival Staining Scale and NEI scale (each scale as detailed above, with NEI grading of five areas of the cornea).
Other measures Unanesthetized Schirmer's test (mm/5 minutes), TFBUT (average of two to three measurements), and Ora Calibra Ocular Protection Index 2.0, 22 each after instillation of 5 µL of 2% preservative-free sodium fluorescein solution were also assessed.
Conjunctival redness and lid margin redness were each graded according to a 5-point (0-4) scale (Ora Calibra scale), where 0= normal and 4= severe. Posterior lid edge evaluation was graded according to a 4-point (0-3) scale (Ora Calibra scale), where 0= normal and 3= severe.
Safety measures
Safety assessments and AE recording were assessed at each visit and included slit-lamp biomicroscopy, intraocular 
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Drop comfort assessment
Drop comfort was assessed on day 1 (visit 2) and day 15 (visit 3) following the first dose each day of study drug administered in the clinic. The Ora Calibra Drop Comfort Scale (0-10 scale, with a score of 0 indicating very comfortable and 10 indicating very uncomfortable) was used to assess drop comfort for each eye separately upon instillation and to 2 minutes postinstillation. The worst eye from each subject was used for this analysis.
Statistical analysis
The primary objectives of the study were to evaluate safety and tolerability, and exploratory hypothesis testing was performed for efficacy endpoints. With a planned sample size of 60 subjects, the study had 79% probability of detecting AEs occurring at a rate of 5% or more in either treatment arm.
The analysis populations included the following: Safety population: Safety population included all subjects who received at least one dose of the investigational medicinal product.
Modified intent-to-treat: The modified intent-to-treat (mITT) population included all randomized subjects with one postbaseline efficacy assessment. Efficacy analysis was performed on the mITT population.
All statistical analyses of the Safety and Efficacy Assessment were performed (by SDC Phoenix, AZ, USA) after the study was completed and the database had been locked and released for unmasking. Statistical programming and analyses were performed using SAS ® (SAS Institute, Middleton, MA, USA) version 9.4. The Statistical Analysis Plan was finalized and signed before unmasking of treatment assignments. All efficacy analyses were conducted two-sided at a significance level of 0.1.
The treatment effect was estimated from the difference between TOP1630 and placebo groups in the mean withingroup change as a percentage of respective TOP1630 and placebo baseline mean values.
Safety endpoints were analyzed for OU. For efficacy endpoints, eyes were eligible for analysis if they met all of the inclusion criteria, but the unit of analysis was the "worst eye." In the case that OU were eligible for analysis, the study eye was the eye with worse (higher) increase in total corneal staining change from pre-CAE to post-CAE at visit 2 on the Calibra scale. If the increase in total corneal staining was the same in OU, then the study eye was the eye with the largest increase in ocular discomfort (Calibra scale) from pre-CAE to post-CAE. If the ocular discomfort symptom increase was the same in OU, then the right eye was selected as the worst eye.
Safety: AEs were coded using the MedDRA dictionary (version 20.0). Frequencies and percentages of subjects with treatment-emergent adverse events (TEAEs), serious TEAEs, and TEAEs causing premature discontinuation were determined by treatment group.
Tolerability data: Drop comfort was summarized using quantitative summary statistics.
Secondary and exploratory endpoints: The continuous and ordinal secondary efficacy variables collected at each visit were summarized descriptively. All visit-based data were analyzed at each visit as well as change from baseline (visit 2) matched relative to the CAE. Sign and symptom endpoints were analyzed by visit and time point (where applicable pre-CAE and post-CAE) using two-sample t-tests and Wilcoxon rank sum tests. Changes from baseline were also analyzed using two-sample t-tests and analysis of covariance (ANCOVA) models adjusting for baseline values. Symptoms recorded on the daily diary were analyzed using repeated measures ANCOVA models, where baseline scores were calculated as the average of the scores in the placebo run-in period and postbaseline scores were calculated as weekly morning, afternoon, evening, and daily averages. The efficacy analyses were performed using observed data only. As an exploratory study, there was no adjustment for multiplicity.
Results
One hundred sixty subjects were screened and 61 DED subjects enrolled at visit 2, of which 31 were randomized to TOP1630 and 30 to placebo. One subject in the TOP1630 group discontinued prior to study completion due to subject's choice (decision not to continue) and did not provide data at day 15 and day 29. The remaining 60 subjects completed the study. A summary of subject disposition is shown in Table 2 . Baseline demographics were comparable with no notable differences between TOP1630 and placebo groups. Baseline OSDI total score was also similar in the two groups. DED was reported in the ocular medical history for all subjects, with cataract nuclear (32.8%), cataract operation (21.3%), and vitreous detachment (11.5%) being the next most commonly reported conditions and procedures (all others occurred in ,5% of subjects). A summary of demographic data and baseline characteristics is presented in Table 3 . No ocular concomitant medications were reported during the study. Mean (SD) treatment compliance with study drug dosing was 98.9% (2.03%) in the TOP1630 group and 97.7% (6.05%) in the placebo group. (Table 4) ; of these, seven were considered related to study treatment. None of the ocular TEAEs were severe and none resulted in subject withdrawal or required modification in study treatment.
The majority (two) on TOP1630 were mild in severity (one moderate in severity).
Six nonocular TEAEs were reported and all were considered unrelated to study drug.
No deaths or treatment-emergent serious AEs occurred. There were no withdrawals from study drug due to any TEAE.
Drop comfort assessments
A difference favoring the drop comfort in the TOP1630 group was observed upon instillation at visit 3 (day 15) TOP1630 1.9 (SD 2.18), placebo 2.9 (2.23), P=0.0496. At 2 minutes postinstillation, drop comfort scores were: TOP1630 2.4 (1.98), placebo 2.7 (1.86), P=0.5564. Comparisons of in-office drop comfort scores at the remaining time points at visit 2 (day 1) and visit 3 provided no evidence of a difference between TOP1630 and placebo.
Efficacy endpoints
TOP1630 demonstrated statistically significant treatment effects vs placebo in a range of DED symptoms and signs, and an overall summary for key efficacy endpoints is shown in Figure 1 .
Symptoms Ocular Discomfort Score
Baseline ocular discomfort scores were closely matched between the groups both pre-and post-CAE challenge. Pre-CAE, TOP1630 mean 2.4 (SD 0.96), placebo 2.3 (0.83); post-CAE challenge, TOP1630 3.7 (0.53), placebo 3.7 (0.52). 
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By day 29, a statistically significant difference favoring TOP1630 was noted for post-CAE discomfort (Figure 2) , with a percentage treatment effect of 11%.
Ocular Discomfort and 4-Symptom Questionnaire
Baseline scores were comparable between treatment groups. Statistically significant differences were noted at day 15 and day 29 in favor of TOP1630 for change from baseline post-CAE grittiness. At day 29, significant differences were also noted in favor of TOP1630 for pre-CAE grittiness and change from baseline in pre-CAE grittiness ( Figure 3) . The percentage treatment difference was 25% pre-CAE and 42% post-CAE in favor of TOP1630 at day 29. Notes: SOCs are listed in the order of descending frequency for all subjects. PTs are listed in the order of descending frequency within each SOC for all subjects. n in the headers represents the number of subjects in each respective treatment group within the safety population. Subjects experiencing more than one Teae within a given SOC or PT are counted once within that SOC or PT. Percentages are based on the total number of subjects in each treatment group. Teaes were coded using MedDra version 20.0. Abbreviations: MedDra, Medical Dictionary for regulatory activities; PT, preferred term; SOC, system organ class; Teae, treatment-emergent adverse event. No statistically significant differences were observed on this assessment scale for ocular discomfort, burning, or stinging.
Ocular Surface Disease index
For grittiness, baseline scores were comparable between groups: TOP1630 1.7 (1.24), placebo 1.9 (1.08). Statistically significant differences were noted at day 15 and day 29 in favor of TOP1630 for response score (data not shown) and for change from baseline in response score: TOP1630 -0.2 (0.86), placebo +0.1 (0.73) at day 15; and TOP1630 -0.2 (0.68), placebo +0.1 (0.78) at day 29; mean Δ -0.4 at both day 15 and day 29, P=0.0173 and P=0.0150, respectively. The percentage treatment difference was 17% in favor of TOP1630 at day 29.
No statistically significant differences between TOP1630 and placebo groups were noted for "painful or sore eyes," "blurred vision," or "poor vision."
There were some statistically significant differences in change from baseline at day 15 that were not statistically significant by day 29 for the following: "eyes that are sensitive to light," "reading," "working with computer or bank machine (ATM)," "watching TV," and "driving at night" (each in favor of placebo) and eyes feeling uncomfortable in "areas that are air conditioned" (in favor of TOP1630). There was no difference between the groups for the remaining symptom trigger assessments.
Ocular symptoms of DeD -VaS
Baseline scores in the individual items were comparable between treatment groups, with the exception of ocular pain, which was more severe in the TOP1630 group, Tables 5 and 6 . Statistically significant differences were noted in favor of TOP1630 for grittiness and for change from baseline in grittiness for the morning, afternoon, and evening assessments, as well as for the daily average during the 14-day visit 3 (day 15) to visit 4 (day 29) diary period ( Table 5 ). The percentage treatment difference in daily grittiness was 20% in favor of TOP1630 in the period to day 29.
Statistically significant differences were noted in favor of TOP1630 for ocular discomfort and for dryness for the morning assessment during the day 15 to day 29 diary period. Statistically significant differences were noted in favor of TOP1630 for worst symptom (the symptom for each patient with the highest mean severity score during the run-in period) for the morning assessment, afternoon assessment (change from baseline only), and daily average during the day 15 to day 29 diary period ( Table 6 ). The percentage treatment difference for daily worst symptom was 9% in favor of TOP1630 in the period to day 29. No statistically significant differences between the TOP1630 group and the placebo group were noted for the symptoms of burning or stinging.
Signs
Statistically significant differences consistently favored the TOP1630 group in total (sum of all regions) lissamine green staining (Calibra scale) for the change from baseline in pre-CAE and post-CAE scores at day 15 and day 29 ( Figure 4A ). The percentage treatment difference was 24% pre-CAE and 13% post-CAE in favor of TOP1630 at day 29. This outcome was also seen with corneal sum lissamine green staining, with statistically significant differences consistently favoring the TOP1630 group for each of these endpoints at day 15 and day 29 ( Figure 4B ). The percentage treatment difference in corneal staining was 29% pre-CAE and 21% post-CAE in favor of TOP1630 at day 29. For conjunctival sum lissamine green staining, statistically significant differences consistently favored the TOP1630 group for the change from baseline in pre-CAE total lissamine green staining at day 15 and day 29 ( Figure 4C ). The percentage treatment difference in conjunctival staining was 20% pre-CAE and 7% post-CAE in favor of TOP1630 at day 29.
Similarly, on the NEI scale, a difference favoring TOP1630 for the change from baseline in pre-CAE total lissamine green staining at day 29 was observed: baseline TOP1630 7.8 (4.46), placebo 6.7 (3.83), day 29 change from baseline TOP1630 -0.7 (3.99), placebo +1.1 (3.28); mean Δ -1.8, P=0.0613. The percentage treatment difference in NEI total staining was 25% in favor of TOP1630 at day 29.
Other signs Corneal fluorescein staining, TFBUT, Ocular Protection Index, conjunctival redness, lid margin redness, posterior lid evaluation, and Schirmer's test yielded some individual statistically significant differences between the treatment groups at various time points, but no discernable or consistent trends emerged for these endpoints.
Discussion
TOP1630 is a novel agent being developed for the treatment of DED with a mechanism of action that selectively targets key kinases that play a pivotal role in signaling in numerous immune cell types from both innate and adaptive pathways. 
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Period
273
Taylor et al in patients with DED, with effects at least as pronounced as established treatments but without the associated unwanted side effects.
In this first in human study TOP1630 demonstrated placebo-like safety and tolerability.
The observed TOP1630 profile appears highly promising when considered in reference to the only marketed DED immunomodulating products: lifitegrast (Xiidra ® ) and cyclosporine (Restasis, Cequa ® ), which are associated with considerable ocular AE and toleration burden. 9, 23, 24 In contrast, the ocular comfort scores observed with TOP1630 (and placebo) in this study are similar to those observed with artificial tears. 25 As is well recognized, demonstrating positive effects on signs and symptoms in DED using an intention-to-treat (ITT) analysis set and without interventions is difficult. To address this issue, a challenge environment was used in the form of CAE. Using this approach, TOP1630 demonstrated substantial treatment effects compared with placebo across multiple symptom and sign endpoints. Of note, positive effects were also observed outside the challenge environment, suggesting efficacy in an environmental setting. Moreover, there was an early onset of treatment effect, with positive effects with TOP1630 apparent by day 15, the first assessment time point.
Positive assessments consistently favored TOP1630 across a broad range of symptom endpoints, including relief of ocular dryness, pain/ocular discomfort, foreign body discomfort, and grittiness. The results for grittiness are particularly noteworthy, as a high degree of consistency was demonstrated across all assessment scales where this parameter was measured, across time and both inside and outside the CAE. Grittiness is a clinically relevant primary symptom of DED noted by up to about 50% of subjects 4, 26 and is a commonly assessed endpoint that is evaluated by established symptom scales used to diagnose and evaluate DED. 27, 28 A pronounced TOP1630 treatment effect was also seen for the relief of patients' worst DED symptom (the symptom for each patient with the highest mean severity score during the run-in period). The worst symptom is a highly relevant, patient centric, measure of disease experience, and other studies have failed to show a treatment effect on this endpoint. 29 Consistent with the promising efficacy profile on symptoms, positive effects on lissamine green staining for total, corneal, and conjunctival region sum scores were also seen. This finding, not observed in other studies, is indicative of a benefit on the total ocular surface and this endpoint may represent the most relevant staining measure in DED compared with individual segmental scores. Improvements favoring TOP1630 were achieved in all measurements and consistency of effect was similar to that seen with the symptom data.
The remaining sign endpoints of fluorescein staining, TFBUT, conjunctival redness, lid margin redness, posterior lid evaluation, and unanesthetized Schirmer's test yielded some statistically significant differences between the treatment groups at various time points, but no discernable or consistent trends emerged. It is not, however, uncommon in DED trials to see an absence of a treatment effect on many of these signs due to the lack of correlation between these markers and the heterogeneous nature of the population. 29 Subgroup analyses were not conducted to evaluate population subsets due to the limited size of study population.
Lissamine green is a gold standard assessment of ocular surface integrity alongside fluorescein. 30, 31 There is however little correlation between the staining results with fluorescein and lissamine green. 31 Hence, the absence of effects with fluorescein staining on the cornea or conjunctiva in this study, despite positive effects being seen with lissamine green, is not unexpected and could be explained by the different staining properties on eye structures with each of these stains. 30 Lissamine green staining may have greater disease relevance than fluorescein in DED for several reasons: 1) lissamine green is unique among the vital dyes, in that it is the only one not to stain healthy ocular cells; 30, 31 2) in patients with DED, cells that are more compromised are detected by lissamine green and not fluorescein; 31 3) there is evidence to suggest that lissamine green staining of the conjunctiva correlates with the expression of inflammatory markers and immune cell infiltration in DED patients and mucus production. 32 It is plausible that there is a differential protective effect of TOP1630 on cells that are more compromised and closer to apoptosis, which is detected by lissamine green and not fluorescein.
Despite the small sample size, TOP1630 showed statistically significant improvements compared with placebo on multiple symptom and sign endpoints. Although analysis of endpoints was not adjusted for multiplicity due to the exploratory nature of the endpoint assessments, high consistency of response was demonstrated for many of these improvements. These results were in the ITT study population, and no subgroup or post hoc analyses were required to achieve a positive overall picture of statistical significance on signs and/or symptoms, which is unusual in comparison with other published studies in this area where post hoc subgroup analyses have been required to establish populations that show a positive treatment effect. 
Conclusion
In summary, topical NSKI TOP1630 is a novel anti-inflammatory drug with a unique mechanism of action that has demonstrated a highly promising benefit-risk profile for the treatment of DED and supports advancement to later stage development.
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